Studies that optimize the haploid technique in the removal of maize lines are necessary.
Introduction 53
The success of a breeding program that aims at the production of maize commercial 54 hybrids lies in the fact of obtaining elite lines. Among all the steps, this is considered to be 55 the most time-consuming and costly, and the technology of double haploid emerges as a 56 way of reducing time in obtaining these lines [1] .
57
The rapid production of homozygotic lines allows a better exploitation of genetic 58 variability and increases the efficiency of selection. Homozygous plants will have the 59 maximum additive variance, the effects of dominance and epistasis, and the advantages in 60 the selection of quantitative, superior characteristics [2] . In addition, the decrease of the 61 costs with labor, use of smaller experimental area and anticipation of profits in commercial 62 programs for maze breeding have made this technique a great success.
63
The production of double-haploid lines involves four main steps: in vivo induction of 64 haploidy, identification of possible haploids, chromosome doubling and the self-fertilization of 65 lines obtained for increment of seeds [3]. However, the success of this methodology is still 66 dependent on the use of inductors with high capacity of induction, a precise system of 67 identification and differentiation of haploid and diploid seeds, as well as efficient and 68 reproducible protocols of chromosome doubling [4] .
69
The doubling of the chromosome number spontaneously or induced by the application of 70 mitotic agents e.g., colchicine, retrieves the diploid condition and restores fertility [5] . The 71 action mechanism of colchicine involves the irreversible connection to tubulin dimers, 
78
There are several methods for certification of polyploidization, being flow cytometry the 79 most used one [8] . Flow cytometry is a reliable and fast method, because it allows the 80 analysis of a large number of cells and of different tissues [9] . In experiments with double 81 haploids, flow cytometry allows vigorous seedlings and detected as diploids in the 82 histograms are discarded before the step of field, reducing time and space. In addition, flow 83 cytometry allows the analysis of the efficiency of the protocol of chromosome doubling, since 84 it is not possible to confirm if the response of seedlings to duplication was positive [10-12].
85
Another tool that is being studied as a marker in the differentiation of ploidies in plants is 
107
Ploidy is well studied from the point of view of genetics and genomic perspective, but the 108 morphological and anatomical aspects related to these differences in the amount of DNA, 109 remain poorly studied in maze plants. Analyzing the anatomical characteristics of young 110 leaves of maize, capable of discriminating the different ploidies and extrapolate these results
111
in diploid and haploid discrimination on the optimization of the process of obtaining double 112 haploid is of extreme importance.
113
Thus, the objective of this work was to study the use of anatomical tool, through the 114 analysis of the characteristics of young leaves of maize for use as indirect markers in the 115 identification of ploidies, and through future studies, to extrapolate the use of this marker in 116 the identification of haploids in the initial stage of the process of obtaining double haploids. 
124
The authors submitted the haploid seeds to two chromosome duplication protocols, and 125 the plants that survived the field, called DH0, that produced pollen and had stigma style in 126 synchronism, were self-fertilized, resulting in DH1 generation.
127
Thus, in this present work, in order to evaluate the maintenance of DH in future 128 generations, the DH1 ears were harvested and the seeds threshed and dried at room 129 temperature up to 12% moisture level at the point of physiological maturity. The seeds were 130 then mixed and divided into treatments as shown in Table 1 . These seeds were then stored 131 in a cold chamber at 10 ° C until the following experiments were carried out. 
150
For that, in the vegetative stage V4 which corresponds to the development of four 151 leaves, leaf tissue samples were collected.
152
For both evaluations, the medial portion of the young leaves fully developed, was cut 
168
For this comparison the following expression was used:
Where:
173
Q is the quantity of DNA of the evaluated sample (pg/2C).
174
E is the position of the G1 peak of the sample. evaluated genotypes.
179
As mentioned, the other part of the samples of leaf tissue was immediately fixed in 
201
Silver Spring, USA).
202
The analyzes were performed for all characters with the estimation of variance 203 components and the prediction of random effects using the approach of mixed models, the 204 method of restricted maximum likelihood/best linear unbiased prediction (REML/BLUP) [29] .
205
For this, the following statistical model was used: 218 X, Z and W: incidence matrices for r, and p, respectively.
219
The heritability in the average of treatments ( ) and accuracy were estimated, and ℎ 2 220 the significance of the random effects as the genotypic variance among treatments ( ) were 
234
The genotypic variance was highly significant by the LRT test and likelihood ratio for thickness of the lamina and those related to the stomata were the ones that showed higher 242 heritability, followed by the thickness of the parenchyma. The thickness of the epidermis, 243 even with high heritability, were lower (Table 2) . The anatomical differences observed were obtained through anatomical cuts 252 and diaphanization of samples. It was possible to observe a difference in leaf blade as 253 the thickness (Fig 1) and quantity and size of the stomata (Fig 2) . In Table 3 , it is observed that the treatment 7 presented the highest values of The importance or contribution of each analyzed variable as a possible marker 282
in the separation of the tested plants, demonstrates greater relevance of the thickness 283 of the leaf blade and the stomata, while the thickness of epidermis little contributed to 284 the separation of plants. (Fig 3) . 
298
Maize diploids have the peak G1, located in the region of relative intensity of 299 fluorescence, soon after the mark of 10 2 (Fig 4A) . The haploids have lower relative 300 intensity of fluorescence and the peak G1 is located to the left of the mark of 10 2 , i.e.,
301
dislocated in the direction of the x axis ( Fig 4B) . Whereas the triploids and the 302 tetraploids have still greater intensity than the diploids, locating at the right of the mark 303 of 10 2 and with higher peaks (fig not shown) . Whereas the Double haploid plants, are 304 those that have ploidies haploid/diploid type ( Fig 4C) . Usually, an association of the histogram obtained with a histogram of a 306 standard plan is performed, for example, Vicia faba, used by [10, 11, 33] . The use of 307 standard allows to obtain the quantity of DNA contained in the sample. 
Discussion

321
It was possible through the analysis of mixed model to verify the existence of 322 variability in the anatomical characteristics, i.e., there is a difference among the tested 323 materials (P < 0.01) ( Table 1 ). In addition, these variables showed a quality required for 324 insertion in a breeding program, with the aim of separation of evaluated materials [34] .
325
The heritability and accuracy obtained were high in accordance with the classification 326 made by [31] ( Table 1 ). The fact of the evaluated anatomical characteristics have 327 potential for use in selection programs is of extreme importance, since these 328 characteristics may be associated with the photosynthetic potential of plants, i.e., the 329 productive capacity of plant material, leaves, roots and seeds.
330
The thickness of the leaf blade (ELF), has a crucial role not only in the capacity 
340
The stomata behavior, therefore, controls the volume of CO 2 in the intercellular 341 spaces of the leaf for photosynthesis. Even if the maze as plant of C4 metabolism is 342 able through the mechanisms of CO 2 concentration, to maintain an adequate quantity 343 of C for photosynthesis [37] , the stomatal density and the size of the stomata are important characteristics to maximize efficiency. Once that, in spite of the area of the 345 pores of the stomata represent less than 3% of the total area of the leaf, about 98% of 346 all the absorbed CO 2 and water lost occurs by these pores [38] .
347
The anatomical characteristics of the stomata define the stomatal conductance altogether, approximately 50% of the contribution of separation (Fig 3) .
387
The high contribution of leaf blade is due to its constitution. The leaf blade is 388 composed by parenchyma, in which chloroplasts and spaces for CO 2 storage are 389 located, in addition of course, all the other components of the leaf. Therefore its 390 relevance is easily understandable and the importance of variables related to the 391 stomata is also evident, reinforcing what is already described in several academic 392 articles.
393
In addition it is possible to suggest that the anatomic variables, as possible 394 markers were efficient on grouping even partially the hybrids (Tables 2 and 3) .
395
Behavior that reinforces what has been described above, where the traits were efficient 396 anatomical markers for various crops. The treatments that showed higher averages for 397 the analyzed variables were classified as diploids (Table 3) , in general with averages 398 exceeding the haploids (Table 2) .
399
The increase in ploidy level may be the main driving force to facilitate the plants Kranz anatomy, there is not so much spent on histodifferentiation of juxtaposed layers 414 of palisade parenchyma, since these cells are found around the cells of the sheath of 415 the beam. Therefore the gain in leaf thickness would contribute not only to the increase 416 of the total mass of the leaf, but also to the increase of empty spaces. These spaces 417 play an important role in the CO 2 reserve for photosynthesis and because it does not 418 require energy to histodifferentiation, being less costly in terms of energy.
419
The size of the cells and the thickness of the components were positively 420 correlated with the ploidy level also in potatoes [62] . With the increase of the genome, 421 the gigantism in cells and organs is widely observed and associated with the 
Conclusions
437
The thickness of the leaf blade and the size of the stomata are highly heritable 438 traits in maize.
439
The obtained high accuracy validates the anatomical tool through the variables 440 studied in the present work, as a marker in the differentiation of ploidies in maize 441 plants, which may be employed in programs for selection of hybrids.
442
The anatomy made in young leaves of maze is a non-destructible technique 443 and in conjunction with the technique of flow cytometry, can be used as indirect method 444 in programs to obtain double haploids, in the initial stage of identification of seedlings.
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